Introduction {#S0001}
============

Breast cancer has become the leading malignancy among women worldwide.[@CIT0001] According to the expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2), breast cancer can be classified into several molecular subtypes: luminal like, HER2-positive and triple-negative breast cancer (TNBC). It has been reported that HER2 protein over-expression is present in approximately 20--25%of breast cancers and is generally linked to poor outcomes. Evidence from four randomized control trials, including the Herceptin Adjuvant (HERA), North Central Cancer Treatment Group (NCCTG) N9831, National Surgical Adjuvant Breast and Bowel Project (NSABP) B-31 and Breast Cancer International Research Group (BCIRG) 006 trials showed a significant improvement in disease-free survival (DFS) when trastuzumab was added to conventional chemotherapy.[@CIT0002]--[@CIT0005] The updated data from the BCIRG006 trial demonstrated that there was a recurrence rate of 25% for HER2-positive breast cancer within 10 years after its initial diagnosis.

Several inflammation-based indexes, such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), have been evaluated as prognostic indicators in various malignant tumors.[@CIT0006]--[@CIT0011] In breast cancer patients, preoperatively high value of NLR or PLR predicted a poor prognosis.[@CIT0012]--[@CIT0014] In addition, several investigators evaluated the prognostic values of NLR and PLR in HER2-positive breast cancer, however, the conclusions were inconsistent.[@CIT0015]--[@CIT0020] Moreover, these conclusions were drawn based on subgroup analysis. A meta-analysis of the HER2-positive subgroup including the above studies showed that neither NLR nor PLR had prognostic value for overall survival (OS), however, NLR had a prognostic value for DFS, while PLR did not.[@CIT0021]

The systemic immune-inflammation index (SII), which is a parameter integrates neutrophils, platelets and lymphocytes, has recently been assessed in various solid cancers: colorectal cancer, nasopharyngeal cancer, hepatocellular cancer, pancreatic cancer, gastric cancer and prostate cancer.[@CIT0022]--[@CIT0029] A recent study evaluated the prognostic significance of SII in hormone receptor (HR)-negative, HER2-positive breast cancer, and showed that an increased SII independently predicted poor survival for HER2-positive breast cancer patients.[@CIT0030] In this study, the median DFS rates of 15.1 and 31.5 months in high and low SII patients, respectively, indicated that the included patients were at an extremely high risk, as in the BCIRG006 trial, the 10-year DFS rate was as high as 75% in the general population. Hence, the prognostic value of the SII in common HER2-positive breast cancer patients treated with adjuvant trastuzumab should be further explored. Meanwhile, the optimal inflammation-based index for predicting the outcome of HER2- positive breast cancer has not been established. Therefore, our study aimed to investigate and compare the prognostic values of the inflammation-based indexes NLR, PLR and SII in HER2-positive breast cancer patients who were treated with adjuvant trastuzumab and chemotherapy.

Materials and Methods {#S0002}
=====================

Patient Selection {#S0002-S2001}
-----------------

After approval from the Institutional Ethics Committee of Ningbo Medical Center Lihuili Hospital, we retrospectively analyzed the data of HER2-positive breast cancer patients seen in our hospital between April 2011 and September 2015. All patients were pathologically diagnosed and a radical operation (breast-conserving surgery or mastectomy, and sentinel lymph node biopsy or axillary lymph node dissection) was performed to every patient. Patients who met any of the following criteria were excluded from this study: (1) patients with metastatic breast carcinoma; (2) patients with non-invasive breast carcinoma including ductal carcinoma in situ (DCIS), lobular carcinoma in situ (LCIS) and Paget's disease of the breast; (3) patients with inflammatory breast carcinoma (IBC); (4) patients with hematological, immune, infectious or inflammatory diseases; (5) patients who did not undergo trastuzumab therapy; (6) patients with incomplete data of hematological indexes or follow-up data. Written informed consent was obtained from every patient.

Data Collection {#S0002-S2002}
---------------

Data for age, histological pathology, tumor size, lymph node metastasis, tumor stage, histological grade (HG), ER, PR, HER2 and Ki-67label index were collected from the medical records of every patient. Differential blood counts were collected within the 3 days preceding surgery, and the counts of platelets, neutrophils, and lymphocytes were extracted from blood counts, and used to calculate the corresponding values of NLR (the ratio of neutrophil/lymphocyte), PLR (the ratio of platelet/lymphocyte), and SII (neutrophil x platelet/lymphocyte).

Positivity of HER2 was defined as a 3+ score with immunohistochemistry (IHC) or a 1+ and 2+ score in IHC but a state of amplification with fluorescence in situ hybridization (FISH). Adjuvant trastuzumab therapy was given to every patient and the overall duration was twelve months. Adjuvant chemotherapy, radiotherapy and endocrine therapy were administered in appropriate patients according to current available clinical practice guidelines.

Follow-Up {#S0002-S2003}
---------

Regular follow-ups were scheduled in 3-month intervals within the first two years after surgery; biannually until the end of the fifth year and annually thereafter. Follow-up included assessing disease progression, and confirming patient's death, or loss to follow-up. The status of the disease was evaluated using ultrasound imaging (US), mammography (MM), computed tomography (CT) and magnetic resonance imaging (MRI). If clinically feasible, any suspicious disease was biopsied to confirm or exclude the disease of breast cancer. In our study, we set January 2019 as the deadline for follow-up. DFS was calculated as the time from diagnosis to the time of the first disease recurrence. OS was calculated from the time of the diagnosis to the time of death for any reason. Once the recurrence or metastasis was confirmed, anti-HER2 therapy concurrently with chemotherapy was performed according to current available clinical practice guidelines.

Statistical Analysis {#S0002-S2004}
--------------------

Analyses were performed using SPSS v. 20.0 Software (SPSS, Chicago, IL, [<http://www.spss.com>]{.ul}). Chi-square or Fisher's exact tests were employed for categorical variables. Multivariate logistic regression analysis, including all variables from the univariate analysis that were associated with survival or the widely accepted variables, was performed to test for factors' independence. The Kaplan-Meier method was used to evaluate the DFS and OS, and the Log rank test was used to evaluate the survival differences between patients divided into two groups according to the optimal cut-off points of NLR, PLR or SII, which were obtained from the area under the curve (AUC). A p value of \<0.05 was considered to have statistical significance and statistical tests were two-sided. The hazard ratio (HR)and 95% confidence intervals (CIs) were also calculated.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

Between April 2011 and September 2015, a total of 147 Chinese patients with HER2-positive breast cancer were included in this study. The baseline characteristics of the patients are shown in [Table 1](#T0001){ref-type="table"}.Table 1Clinicopathologic Characteristics of 147 HER2-Positive Breast Cancer PatientsVariablesNumber%Age (years) ≤ 3574.8 \> 3514095.2Tumor stage T14127.9 T29061.2 T3138.9 T432.0Tumor differentiation G132.0 G27651.7 G36846.3Lymph node involvement N06846.3 N14933.3 N21510.2 N31510.2AJCC stage I3322.4 II8457.2 III3020.4HR status Positive6242.2 Negative8557.8Ki67 Low (≤30%)6342.9 High (\>30%)8457.1Surgery Breast conserving surgery1812.2 Mastectomy12987.8Radiotherapy Yes8759.2 No6040.8Endocrine therapy Yes6141.5 No8658.5NLR ≤1.696040.8 \>1.698759.2PLR ≤1104933.3 \>1109866.7SII ≤4428759.2 \>4426040.8[^1]

The optimal cut-off values that were determined by the ROC for the NLR, PLR and SII are summarized in [Table 2](#T0002){ref-type="table"}. The corresponding AUCs for the NLR, PLR and SII were 0.621, 0.639 and 0.674, respectively. The SII had a higher AUC than the NLR and PLR, however, the difference was not significant. According to these cut-off points, the patients were then separated into two groups (low-value group vs. high-value group) in each category, and 87 (59.2%), 98 (66.7%) and 60 (40.8%) of patients had a high NLR, PLR and SII values, respectively.Table 2Receiver Operating Characteristics Analyses of Inflammation-Base Parameters in Patients with HER2-Positive Breast CancerVariablesCut-off ValueAUC (95% CI)SensitivitySpecificityNLR1.690.621 (0.515--0.727)0.7930.458PLR1100.639 (0.539--0.740)0.8970.390SII4420.674 (0.582--0.767)0.7590.678[^2]

The relationship between clinical characteristics and each inflammation-based index is shown in [Table 3](#T0003){ref-type="table"}. The SII correlated significantly with HG (p\<0.05).Table 3Associations Between Inflammation-Based Parameters and Clinicopathological FactorsVariablesNLRPLRSIIHLPHLPHLPAge (years) ≤ 35434325 \> 3583570.91094460.58458820.499Tumor stage pT1231825161427 pT2-464420.63673330.36346600.306HG G1-2412842272148 G346320.95656220.16139390.016LN (-)392747192442 (+)48330.98451300.29136450.321HR status Positive382442202735 Negative49360.65756290.81333520.565Ki67 Low (≤30%)342940232340 High (\>30%)53310.26558260.48037470.357[^3]

Survival {#S0003-S2002}
--------

The median duration of follow-up was 42 months (range 15 to 78). During follow-up, 29 patients (19.7%) experienced recurrence, and 10 patients (6.8%) died from breast cancer, no patient died from other reasons. The Kaplan-Meier curves of DFS and OS according to the NLR, PLR and SII values are shown in [Figure 1A](#F0001){ref-type="fig"}--[F](#F0001){ref-type="fig"}. The DFS rate was significantly lower in the NLR\>1.69 group than in the NLR≤1.69 group (estimated 5-year DFS: 75.8% vs. 90.7%, respectively; p \<0.01), in the PLR \>110 group than in the PLR≤110 group (estimated 5-year DFS: 76.7% vs. 90.6%, respectively; p \<0.01) and in the SII\>442 group than in the SII≤442 group (estimated 5-year DFS: 66.8% vs. 90.7%, respectively; p \<0.01). The OS rate was significantly lower in the PLR \>110 group than in the PLR≤110 group (estimated 5-year OS: 83.2% vs. 100%, respectively; p=0.035) as well as in the SII \>442 group than in the SII≤442 group (estimated 5-year OS: 77.3% vs. 96.4%, respectively; p=0.012).Figure 1Kaplan-Meier analysis of DFS and OS in patients with HER2- positive breast cancer. (**A**) DFS as derived by the NLR; (**B**) DFS as derived by the PLR; (**C**) DFS as derived by the SII; (**D**) OS as derived by the NLR; (**E**) OS as derived by the PLR; (**F**) OS as derived by the SII.**Abbreviations:** DFS, disease free survival; OS, overall survival; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

Univariate analysis revealed a significant impact of tumor size, lymph node involvement, HG, hormone receptor (HR) status, Ki-67 index, NLR, PLR and SII on DFS. In the multivariate analysis, tumor size, lymph node involvement, HG, HR status, PLR and SII were independently correlated with poor DFS ([Table 4](#T0004){ref-type="table"}).Table 4Associations Between Clinicopathological Parameters and DFS in HER2-Positive Breast CancerVariablesUnivariate AnalysisMultivariate AnalysisHR (95% CI)P valueHR (95% CI)P valueAge (years) ≤ 351/ \> 351.50 (0.17--12.97)0.711//Tumor stage pT111 pT2-46.67 (1.51--29.41)0.0056.00 (1.57--22.82)0.009Tumor differentiation G1-211 G33.24 (1.36--7.69)0.0063.60 (1.33--9.73)0.012Lymph node involvement pN011 pN1-33.14 (1.25--7.94)0.0126.76 (2.56--17.84)\<0.001HR status Positive11 Negative2.22 (0.91--5.41)0.0763.74 (1.46--9.58)0.006Ki67 Low (≤30%)11 High (\>30%)2.30 (0.97--5.46)0.0551.65 (0.65--4.20)0.295Surgery Mastectomy1/ Breast-conserving surgery1.19 (0.36--3.92)0.777//Radiotherapy Yes1/ No1.16 (0.50--2.68)0.724//Endocrine therapy Yes1/ No1.75 (0.74--4.17)0.202//NLR ≤1.6911 \>1.693.24 (1.23--8.55)0.0140.84 (0.22--3.18)0.798PLR ≤11011 \>1105.52 (1.58--19.23)0.0037.25 (1.98--26.54)0.003SII ≤44211 \>4426.62 (2.60--16.95)\<0.0013.78 (1.10--13.08)0.035[^4]

The univariate analysis showed that only SII had a significant influence on OS. In the multivariate analysis, lymph node involvement and SII were independently correlated with OS ([Table 5](#T0005){ref-type="table"}).Table 5Associations Between Clinicopathologic Parameters and OS in HER2-Positive Breast CancerVariablesUnivariate AnalysisMultivariate AnalysisHR (95% CI)P valueHR (95% CI)P valueAge (years) ≤ 351/ \> 350.42 (0.05--3.80)0.420//Tumor stage pT111 pT2-43.72 (0.46--30.30)0.1911.93 (0.21--17.55)0.559Tumor differentiation G1-21/ G31.81 (0.49--6.71)0.367//Lymph node involvement pN011 pN1-33.72 (0.76--18.18)0.0856.39 (1.28--31.90)0.038HR status Positive1/ Negative1.04 (0.28--3.86)0.950//Ki67 Low (≤30%)1/ High (\>30%)0.73 (0.20--2.65)0.636//Surgery Mastectomy1/ Breast-conserving surgery0.78 (0.09--6.58)0.823//Radiotherapy Yes1/ No0.60 (0.15--2.43)0.471//Endocrine therapy Yes1/ No2.01 (0.50--8.06)0.318//NLR ≤1.6911 \>1.692.93 (0.60--14.29)0.1653.10 (0.35--27.46)0.256PLR ≤11011 \>1104.84 (0.60--40.0)0.1052.91 (0.25--33.28)0.390SII ≤44211 \>4426.54 (1.34--32.26)0.0092.32 (1.25--4.31)0.01[^5]

Discussion {#S0004}
==========

The NLR and PLR have been widely used to predict the prognosis in various cancers,[@CIT0006]--[@CIT0011] and the SII has recently been determined to be an independent prognostic factor in many kinds of cancers.[@CIT0022]--[@CIT0029] These inflammation-based indexes, however, have rarely been investigated simultaneously in HER2-positive breast cancer. To the best of our knowledge, the current study is the first to comprehensively investigate and compare the prognostic values of these inflammation-based indexes in Chinese population with HER2-positive breast cancer who received scheduled adjuvant trastuzumab. In our study, the AUCs derived from the NLR, PLR and SII were 0.621, 0.639 and 0.674, respectively. There was not a significant difference among these AUCs, however, a superior trend could be seen.

The prognostic significance of the NLR and PLR in HER2-positive breast cancer has been explored previously, however, the conclusions have been inconsistent.[@CIT0015]--[@CIT0020] Moreover, the conclusions were based on subgroup analysis. A meta-analysis including 6 previous studies showed that neither the NLR nor the PLR had a prognostic value for OS, however, the NLR had a prognostic value for DFS, while PLR did not. In the current study, there was a significantly lower DFS rate in the high-NLR and hign-PLR groups than in the low-NLR and low-PLR groupsgroup, and a significantly lower OS rate in the high-PLR and the high-SII groups than in the low-PLR and the low-SII groups, while there was no significant difference between the high-NLR and the low-NLR group. The difference between our findings and those of the meta-analysis can be partly explained by the difference in patient race and the cut-off points set. In our study, the cut-off point was determined by the AUC; however, most previous studies used the median value as cut-off points. In addition, the cut-off points of every category (including the NLR, PLR and SII) in our study were lower than those in other studies.[@CIT0015]--[@CIT0020] However, the prognostic values of the NLR and PLR are still uncertain, and the intrinsic associations should be further explored in large, sample size, prospective studies.

Our study found that there was a lower DFS and OS rate in the high-SII group than in the low-SII group, which was consistent with a previous study.[@CIT0030] However, there were several differences between these two studies. First, our study included HER2-positive breast cancer patients including HR-positive and HR-negative breast cancer, while the other study only included HR-negative breast cancer. Second, the survival in that study was much worse than that in our study, and this can be explained by the high lymph node involvement and TNM stage. Third, all the patients included in our study received a standard duration of trastuzumab therapy, which is essential in HER2-positive breast cancer, while in the other study as much as 47.7% of patients did not receive trastuzumab therapy. Overall, our study reflects the real world state of HER2-positive breast cancer patients, and the conclusions based on our study should be more reliable.

Our study also demonstrated that established prognostic factors such as tumor size, lymph node involvement and ER stats have no association with NLR, PLR and SII. Histological grade was associated with SII, not with NLR and PLR. The lacking association with established prognostic factors made our findings more valuable.

The prognostic value of the SII in solid malignancies may be explained by the function of its component factors: platelets, neutrophils, and lymphocytes. Platelets promote angiogenesis and metastases, in addition, they shield tumor cells from the anti-tumor immune response.[@CIT0031] Neutrophils play an important role in the proliferation and metastasis of tumors by releasing inflammatory mediators.[@CIT0032] In contrast, lymphocytes infiltrate tumors and their effects can prevent tumor growth and metastasis.[@CIT0033],[@CIT0034] Essentially, whether tumor development or progression mainly depends on the balance between tumor-promoting factors such as platelets and neutrophils and tumor-inhibiting factors such as lymphocytes. The more factors that are considered for the prognosis, and the higher the accuracy that can be achieved. As an integrated parameter, the SII includes three relative factors, while the NLR and the PLR only include two factors, this difference can partially explain the prognostic value of the SII, but not the NLR or the PLR identified in our study.

Despite the novelty and potential of this study, several limitations also should be acknowledged. First, it was a single-center study without a validation group. Second, its retrospective nature and small sample-size may lead to bias in data selection and analysis. Third, the study involved a relatively short follow-up period, therefore, the distant prognostic value could not be investigated in the current study. Nevertheless, our data indicated that an increased preoperative SII value may represent an independent prognostic factor in patients with HER2-positive breast cancer.

Conclusion {#S0005}
==========

Our study is the first to comprehensively compare the prognostic value of peripheral inflammation-based indexes in HER2-positive breast cancer. Our findings suggest that the preoperative SII value correlates significantly with DFS and OS in HER2-positive breast cancer, and the SII value is not significantly superior to the NLR and PLR in terms of prognostic reliability. However, large and multicenter clinical trials are required to validate the findings in our study.
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[^1]: **Abbreviations:** HER2, human epidermal growth factor receptor 2; T, tumor; N, lymph-node; AJCC, American Joint Committee on Cancer; HR, hormone receptor; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

[^2]: **Abbreviations:** HER2, human epidermal growth factor receptor 2; AUC, area under curve; CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

[^3]: **Abbreviations:** NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune- inflammation index; H, high; L, low; T, tumor; HG, histological grade; LN, lymph-node; HR, hormone receptor.

[^4]: **Abbreviations:** DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; CI, confidence interval; T, tumor; G, grade; N lymph-node; HR, hormone receptor; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.
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